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INTRODUCTION Panda

Open question in QCD:
Particle Hadron Nuclear
_ _ physics physics physics
a comprenhensive understanding of the 1.0 r |
StI’OHg interaction oy - perturbative QCD strong QCD
0.8+ I
Q. 2
At high energies: g P
* g is weak o8 ol 3y i
* pQCD is successful 2
0.4- 3
_ =
At low and intermediate energies: i / 8
* o5 grows . ’ :
+ pQCD fails R T TR T
distance [m]

To provide the effective degrees of freedomin the confinement
domainis one of the challenges in modern physics

Member of the Helmholtz Association 3 Forschungszentrum
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Non-perturbative QCD phenomena are connected to some Par d=

of the nucleons puzzles e g :

e Mass
e Spin”

k k
e Inner structure

*C. A. Aidalaetal., RMP 85 (2013) 655-691.
** G. A. Miller, PRL 99 (2007) 112001.



Non-perturbative QCD phenomena are connected to some

of the nucleons puzzles e g :

e Mass
e Spin”

k k
e Inner structure

To learn more about a system, one can ™"

 Excite it
e Scatter on it

* Replaceone of its building blocks:

HYPERONS

*C. A. Aidalaetal., RMP 85 (2013) 655-691.
** G. A. Miller, PRL 99 (2007) 112001.
*** C.Granadosetal., EPJA 53 (2017) 117

Figure extracted from Hyperon Physics with PANDA at
FAIR Karin Schonning, The 12th International
Workshop on Excited Nucleons,
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u < 3 - =
HYPERONS pl 4 e @ |Z°
u —11 g == 5
Strange hyperon production is governed by ’
m_ ~100MeV, probing confinement domain. go
Spin observables are experimentallyaccessible b | A
and distinguish between different production
models. Figure. Quark-Gluon picture
pp — YY production models::
. . . 1 %0
* Occur through different kinematic channels '
* Have different degrees of freedom i
'K/K*
Which are the relevant degrees of freedom? :
Whatis therole of spin? P H A

Figure. Meson exchange picture



PREVIOUS pp — YY MEASUREMENTS Panda

* Performed mainly at PS185 experiment at LEAR
* pp — E*E measurements were performed with bubble chambers

* Cross sections and spin observables obtained for mainly single-strange pp — YY
channels

» Little dataatppeqm > 4 GeV/c
* No dataon ()
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E E ; ',5p—>I\A ;
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Figure. Johansson T 2003 Proceedings of 8th Int. Conf. on Low Energy Antiproton Physics 95
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THE pp — X°A CHANNEL

« Comparisons between channels containing isospin partners such as pp — AA, 2°A and
29%, provides information about the role of the isospin in strangeness production.

* Data from PS185 shows a strongly forward peaked differential cross section down to the
reaction threshold*:

T y : B BAAA B | BSR Basd 1
% - (a) e=15 MeV ‘t (b) e=25 MeV T (c)e=40 MeV »
=« I SN | il d
= pPp—AA .
-§ 5 c ﬁp—)Eo A+C.C. ,“: 4 a?
5107 ME gél3 s
o r $o.- F il [ B
E | ¢ o“ 1t .,g“/& it :"-'f‘ - rf )
I H..* A7 % +++"ﬁ ¢ | {7
ll 'i) 1 ’/fé &Clv .33¢O ! ¢¢«’?5 mxxw*?
10 ‘;IYT-&.Q" 1 ®9 > in ]
Fl - fL: I I “.‘.1.;.”.,.1
0.2 0 04 02 0 05 -025 0
" (GeV)

Figure. Cross section parametrization, ppeam = 1.771 GeV/c**

*Barnes, P. D., et. al Physical ReviewC, (1996) 54(6), 2831.
**H. Becker Nuclear Physics B141 (1978) 48-64



’ Ring accelerator
/ SIS100

Linear accelerator
UNILAC
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/. " magnets 1 \‘\'
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p,pbar,HI stochastic coolin
(from CR) s !

pickups

The High Energy Storage Ring (HESR)
* Anti-proton beam within 1.5 <p <15 GeV/c

* High resolution mode (Day One)
L~103cm™2s7%, dp/p=4 x 107°

* Highluminosity mode (Design)
L~2x103%cm™2s71,dp/p=2 x 107*
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«  panrnda= antiProton ANihilationsat Darmstadkt.
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THE PANDA PHYSICS PROGRAM PpParnda

Nucleon structure

Strangeness physics .
Charm and exotics
@PANDA*

Hadrons in nuclei -

*Karin Schoenningtalk at The 12th International
10 Workshop on Excited Nucleons



FEASIBILITY STUDIESOF pp — YY pPands

RECONSTRUCTION AT PANDA

« Single and double strange channels (so far)

* Exclusive event reconstruction (so far)

* Ideal pattern recognition and PID

* Cross section distribution based on data for AA, X°A and Z2 at 4.6 GeV/c
« Model prediction for pp — EE cross-section at 7 GeV/c

Pbeam Reaction o[ub] Efficiency (%) 2Rate [min]
1.64 pp — AA 64.0 16 600
1.77 | pp — Z°A 10.9 ? ?

6.0 pp — Z°A 20 ? ?
4.6 Ipp — E+E" ] 8.2 6.4
7 Ipp — EYE- ~ 0.3 7.9 2.0

1'W. Ikegami-Andersson (talk at FAIRNESS 2019)
2 At Day One Luminosity mode: 103*cm™2s~1 10



ANALISIS STRATEGY : pp — Z°A Parmda

Two cases studied for pp — Z°A:

10k eventsat ppegm = 1.771 GeV/c
* 10k events at ppeam = 6 GeV/c Y
507
pp;” A
» Pre-selection A _
 Final state particles identification P
* Photon energy selection >¥p
 A/Areconstruction ~
« Combine all m*p / m~p respectively. n

 Kinematic fit on vertices

11



ANALISISSTRATEGY: pp — ZCA,

Pbeam = 1.771GeV/c Y
a’fO:NN . T[+
_ _ pp:’\ ~A
 Finalselection A
* Pre-selected A and y combined. p P
« Y9 and A candidates combined.
« 4-Cfitonallthe £° A pairs. u
A all candidates EO a” Canc“dates
ﬂ All candidates ..g —— All candidates
%1 00 True candidates i o 70— te concisten %
> >
LL] False candidates LU 80‘ — False candidates
80:_pl JJJJJ =1.771 GeVic % 50' f_pheam =1.771 GeVie % + %%
60— # 401 ']' :H:
a0l :[: 30E ﬂ: +
C 20
g W
i.. I T |M+%Ew+mﬁf$m -Er- .m.%ﬂ;«m% .t..'{"'.I"'{-"}"..}|'-}'ﬁ'¥mI-m '.'}"I."-}'.'I"m L s
‘908 1.09 1.1 111 112 113 1.14 ‘P.15 116 117 118 119 12 121 122

M [GeV/c?] 12 M [GeV/cY]



BACKGROUND GENERATION

|5“EI_I da

* Generic hadronic background by DPM generator (pp — anything).

« Independent AA sample used as background

« 2% A and AA channels were removed from DPM sample.
« Additional cut: 30 around m(A) and m(2?)

A candidates invariant mass

@ *—Tme : :
C 10|—AA ! !
0 DPM ' —]— -
160 ' !
LU — False ' '
140F ==-m, cut ' :
C == mocut ' "]“ '
120 - A ] 1
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I  beam [ | 1
100 ' __[_ 1
C i i
80— ] 1
— [ | 1
— [ | 1
40F v [ 7
20 : [ e E
Euelu_l_uu_J [ ORI '_!_| : i tm:!:uj
fos 1.09 1.1 111 1.12 113 1.14
M[GeV/c?]
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FINAL RESULTS, Pp,eam = 1.771 GeV/c

200

=0 . . ,
2 candidates invariant mass

A candidates invariant mass
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200

2 — True §2] — True i i
P 5 " = =
|_|>_| "% False Lﬁ 160 — False E -I' ;
1‘m;"mfucui "}“ 14[};"'m,.‘cut : :
"#0Ep =171 GeVic -l- + WEp  =1771Gevle + :
100? 10[}? [ "
8o} + 8of- ' + :
80— 60— . —}—- .
40— ! + X 40 C ;
- ; ; F ; +
20— X i 201 '
L..|..|...|__'.$Ft."ﬁ""."‘-l—J—lih'|..‘.|... - | I :I:'._—{;4—<—"’+"{"—lrs+d--1- L
914 1.15 1.16 147 1.18 1.19 1.2 1.21 1.22 1.23 10.08 1.09 11 111 1.12 1.13 1.14
M[GeV/c?] M[GeV/c?]
Figure: Signal and background reconstruction. Simulation at pyeam = 1.771 GeV/c
Channel T0A Combinatorial | DPM (90%C.L.) AA
Total 526 + 23 38 <50.6 4
74 : 2 [ — 14 >11 120
£(%) 5.3+0.2 0.38 <5.1x10~* 4.0x1075

Table: Final efficiencies for the signal and background samples at ppeam = 1.771 GeV/c

14



ANALISIS STRATEGY, Py = 6 GeV/C

* Final selection

* Pre-selected A and y combined

e Cutin the photon energy boosted to its X°

rest frame.
e 3% and A candidates combined.
e 4-Cfitonallthe £° A pairs

ED candidates invariant mass

.!'ﬂ 120 — All candidates
-

g — True candidates
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BACKGROUND GENERATION

« DPM sample

* DPM sample filtered from all channels

containing A and A hyperons

e Additional cuts:

30 and 50 around m(A) and 506 m(2?)

respectively

« A decay vertex > 6 cm

0 . . .
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FINAL RESULTS, pp,cams = 6 GeV/c

Events

f" candidates invariant mass A candidates invariant mass

300 ——— 9 B3 H :
DPM o DPM : ._l_. .
250| — False Q>) - — False . -
DPM filtered L DPM filtered : -
- . ' - ---m, cut ' '
- Mg cu : : : :
'p =6GeVic | " P, =6 GeVic . .
150 | Peam ‘ + - "beam ' ;
: : | 1 '
3 : 100} ‘ "
100 ; » ' '
- o -+ r H -+ !
1 '
sof- o Ty
: 583 i - : +
: AR S RIS
FEPUPR RPN IO _ _ , G s PP PO v - - . 1 P - | = n= = T i e =+ S .
P1a 115 116 147 118 119 12 121 122 123 P08 1.09 1.4 1.11 1.12 1.13 1.14
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Figure: Signal and background reconstruction. Simulation at ppea, = 6 GeV/c

E;-an da

Channel z0A Combinatorial DPM DPM filtered (90%C.L.)
Total 614 + 25 111 30 <18
S/B | e 5.5 20.7 > 34.7
£(%) 6.1+0.3 1.1 3.0 X106 <3.9x% 10

Table: Final efficiencies for the signal and background samples at ppeam = 6 GeV/c

17
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FEASIBILITY STUDIES OF pp — YY
RECONSTRUCTION AT PANDA

« Single and double strange channels (so far)

* Exclusive event reconstruction (so far)

* Ideal pattern recognition and PID

* Cross section distribution based on data for AA, X°A and Z2 at 4.6 GeV/c
« Model prediction for pp — EE cross-section at 7 GeV/c

Pbeam Reaction o[ub] Efficiency (%) 2Rate [min!]
1.64 pp — AA 64.0 16 600
1.77 | pp — Z°A 10.9 5.3 32
6.0 pp — Z°A 20 6.1 96
4.6 Ipp — E+E" ] 8.2 6.4

7 Ipp — EYE- ~ 0.3 7.9 2.0

1'W. Ikegami-Andersson (talk at FAIRNESS 2019)
2 At Day One Luminosity mode: 103*cm™2s~1 10



CONCLUSIONS

Hyperons studies can provide valuable information to complement our
knowledge of the strong interaction.

The PANDA experiment aims to increase the available data on single and
multi-strange pp — YY processes.

Feasibility studies of event reconstruction have been performed

showing that high exclusive reconstruction efficiencies will be
achievable at PANDA starting from Day One.

19
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Pp ——AA at 6 Gev

§ T T

Previous measurements: pp — X°A

The cross-section was parametrization in

terms of the reduced four-momentum
transfer

dardt (kb Gev?)
-]

/

t' = 2pq(cosd* — 1)

%
Q
3
E3
3
3

\
g

& LI W o | B ey (L By
> | @e=15MeV t () e=25 MeV | (c) e=40 Mev |
oo - i
S Ll° pp—E’A+c.c. J(f
3107 e il : [
] S Yk
9* =: c.m. scattering angle of the St K2 ﬁ{f L eﬁ
. r of o )
antihyperon gRh ( 71 +++W* Pl |
. . — ~ - #
p =:incoming p c.m. momentum ﬁ * 3%%0 it 1"%
. S & PR
q =: outgoing 29 c.m. momentum 10 f ‘H L E
I B P I S I L I TR RS A R
02 0 04 -02 05 025 0
' (GeV*)
*H. Becker Nuclear Physics B141(1978) 48-64 Figure. Cross section parametrization, Pyeam = 1.771 GeV/c

E. Klempt et al. Physics Reports 368 (2002) 119-316 * (top) and Ppeam = 6 GeV/c (bottom)**



Why hyperons?

Strange hyperon production is governed by m,~100
MeV, probing confinement domain.

Spin observables are model dependentand
experimentally accessible e.g polarization:

All ground state hyperons (Y) decay weakly” — Parity is violated.

Consider:
Y . B . + M (0
— ﬁ —
2 2 © y
M;" Figure. Hyperon decay frame
* Decay angular distribution given by ¥
I(cosBg) < (1+ aPycosfy)

* Where: Br _Jy
a : Asymmetry parameter (known) \Hﬁ
cos O5: Baryon emission angle (measured) Xy \\L,/?ZY

Py : Hyperon polarization (extracted!)

23
*Except for the 2%, which decays electromagnetically



Exclusive event selection

pbeam = 6 GeV/C 4 250 Y’ candidates invariant mass FSigbar_ s
§ [ | —— Al candidates Entries 13173
w C - ) Mean 1.178
. 200__ True candidates StdDev 002957
. L False candidates
* Pre-selected A and y combined. -
150(A

100

* Cut in the photon energy boosted to
its X0 rest frame. 5“

L4515 16 447 148 148 12 421 122 123
Mass[GeV/c?]
° EO and A candidates combined. Photon candidates energy boosted to T rest frame T —
" oy
€ 300~ Enties 13173
Lﬁ C Mean 0.05529
. 250(— et Std Dev 002218
* 4-Cfit on all the Z° A pairs, i
150?—
* Reject p<0.01. 100
50(—
02

. . : 003 004 005 006 007 008 009 _ 0.1
* Best pair selection according to Enérg)[GeV]

x? value.
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Probabilit}fn from Wix fit

h_lambda_prob_wix

Entrias 072
Mean 04007

Std Dev 0.343

(a)

PrDDabiIit}fﬁ from Vix fit

hi_lembdabar_prob_vix

Eniries 5547
Mean 04738
Std Dew  0.3237

(b)

Figure 4.18: Probability distribution corresponding to the vertex fit performed on the (a)
A and (b) A respectively. Beam momenta py,,, = 1.771 GeV /c.
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Mean 1116
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Prﬂbabilit}fn from Wix fit Probabilit}rﬁ from Vix fit

h_lambda_prob_vix h_lambdabar_proh_vix

82000 = = 2 = S
5 1500 Enies  6575| § 1000 Entries 6787
Mean 0.3545 w Mean 0.48231
1800 Std Dev  0.3543 500 Std Dev  0.3382

(a) (b)

Figure 4.20: Probability distribution corresponding to the vertex fit performed on the (a)
A and (b) A respectively. Beam momenta py,,,, = 6 GeV/c.

A candidates invariant mass T candidates invariant mass

n F n TGG_
5 350E g -
@ B —— All candidates 2 Bﬂﬂ:_
S 300F —— Trus candidates = sook — All candidates
= - _ = — T didate
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= - S 400
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= 300

100 = 200F beam
50E 100F-
: 0 oLl st :.‘ :.-Hi:.'—: Sim el i e = :- P Lol & PR T R e b, o .
‘PDB 1.09 11 113 114 115 116 ‘P[I'B 1.09 11 111 112 113 114 115

1.16
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Channel X0A DPM AA

Size 104 107 10°

u'[pr.b] 11 95,000 80

w 1 22 0.73

Channel 0N DPM DPM filtered

Size 104 107 9 X 10°

o[ub] 20.0 | 59,000 57,690
w 1 1.4 1.7
Niignal o(pp — anything)

Wanything = Nanything o(pp — 20A)BR(Z0 — A9)BR(A — pri+)?

e —r e

o(pp — AA)BR(A — prt™)?
Nap o(pp —Z9A)BR(Z% — A7y)BR(A — prit)2

stgnaf

Wra =

Nyee = 0(pp = Z°A) x BR(Z® = Ay) x BR(A = pt~)* x L x €

E =

N, reconstructed

Nsimuh:fed



Device Polar angle coverage
MVD (Discs) 3°-40°
MVD (Half-shells) 40° - 150°
STT 22° - 140°
GEM 0°-22°
FT 0°-10°

Table 4.4: Angular coverage of the principal tracking devices at the Target and Forward
spectrometer at PANDA.

Device Polar angle coverage
Barrel DIRC 22°-140°
Forward endcap DIRC 5°-22°
Barrel TOF 22°-140°
RICH 59-22°

Table 4.5: Angular coverage of the principal PID devices in the Target and Forward
spectrometers at PANDA.

Device Polar angular coverage | Energy coverage (GeV)
Backward 151.4° - 169.7° 0.01-0.7

Barrel 22° - 140° 0.01-73
Forward 5°-23.6° 0.01-14.6

Table 4.6: Angular acceptance and energy ranges at which each part of the calorimeter
are used as PID device.



